Bottled water serves an increasingly large percentage of urban poor populations in lower-income countries, yet receives little attention within international development research and policy. This study investigates the impact of packaged drinking water (refill water) on affordability and equity of drinking water access by the urban poor under SDG 6.1, comparing refill water cost and consumption across socioeconomic quintiles drawn from two sub-districts of Jakarta, Indonesia. Analysis of a customer survey (n ¼ 80) and in-depth interviews with 12 small-scale refill water providers reveals the significance of water quality, convenience, and reliability of water in defining affordable water access. Lower-income households perceive refill water to be the most affordable, safe drinking water source available to them, despite representing the second highest per unit cost source. Piped water is considered more expensive despite its low per unit volume cost, because of total costs associated with guaranteeing its reliability and quality. We suggest that the combined costs of securing domestic and drinking water for poorer households need to be considered for future approaches targeting the provision of inclusive water access under SDG 6.1 in Indonesia. Packaged water needs to be taken into account in the strategies designed to increase access, and measurements of affordability and equity of access.
INTRODUCTION
the urban water development sector (World Bank ), but development actors assume it is unaffordable for poorer residents given its higher per unit cost in comparison with domestic groundwater and piped water sources (cf. Bakker et al. ; World Bank ). Likewise, refill water is assumed to have a negative impact on water equity: in the absence of cross-subsidy through a differentiated tariff structure, poorer households pay proportionally more per unit volume consumed than better-off ones.
Our study sets out to examine these dimensions in more detail, focusing our analysis on access to refill water among the urban poor, who are most likely to be affected by exclusion from water access in Jakarta (World Bank ). The current monitoring guide for target 6.1 defines drinking water as affordable when the 'payment of services does not present a barrier to access to or prevent people from meeting basic human needs' and holds that equity 'implies progressive reduction and elimination of inequalities among population subgroups' (UN Water , p. 5). We examine equity between two socioeconomic population groups, the lower-poor and middle-poor residents of two sub-districts in Jakarta. We acknowledge the importance of other dimensions of difference which determine access to water, such as age, gender, or (dis)ability, and likewise acknowledge the relevance of comparison between poor and high income residents. However, we focus on this subgroup given the relative gap in knowledge on refill water consumption by low income residents and its relevance for water and development goals.
METHODOLOGY Research locations
Data collection was carried out over a period of 4 months from 2015 to 2016 in two of Jakarta's sub-districts: Penjaringan in North Jakarta and Gedong/Tengah in the southern part of the city. These areas were selected because of their classification as low-income and because of their differences in physical availability of water sources. Both settlements are legal, rather than informal, and households can apply for household connections to the city's centralized piped water network. There are however significant differences in the quality of piped water services given their respective locations within the piped distribution network system; groundwater quality is also very different between the two locations (Kooy et al. ) .
Penjaringan is located in the city of North Jakarta, which stretches along the northern coastline of the city.
Because of its coastal location and low altitude, shallow groundwater in Penjaringan is very saline and therefore considered unfit as a source of drinking water and most other consumptive purposes (e.g. cooking). Piped water services from the centralized network are available via household connection, or by informal sale between neighbours, but water pressure and continuity of hours of service are very poor as the sub-district is at the edge of the distribution network. The second research area formed by the adjacent districts of Gedong and Tengah, is located within the city of East Jakarta, but geographically situated in the southern part of the city. Here, groundwater in the shallow sub-surface is fresh rather than saline, and can be accessed at depths of up to 15 meters by manual or electric pumps. Shallow wells are closed, and in the MDG definition are considered 'improved', although often vulnerable to contamination, for instance from inadequate on-site sanitation systems (Kosasih et al. ) . The centralized piped water network in this area provides higher quality services in terms of water pressure and continuity.
The research followed a sequential mixed-methods research design. Interviews were conducted with 12 smallscale, independent water providers selling refill water in both research locations and two refill water experts. A household survey was designed based on the interviews, and distributed among the customers of the previously interviewed vendors.
Households were chosen by means of a systematic-sampling procedure from lists of customers of refill water depots; ten households were randomly selected from each vendor. A total of n ¼ 80 questionnaires was collected, 40 in Penjaringan and another 40 in Gedong and Tengah.
Conceptualizations
We take the current SDG monitoring guide's definitions of affordability and equity as a point of departure and assess volumes of refill water consumed and its relative and absolute affordability for different income groups. Thus, we consider refill water access to be equitable when relative affordability and consumption of refill water does not vary between income groups. We assess absolute affordability by determining the share of monthly income spent on water supply and electricity were IDR 1,320,000/person/ month (Deny ). We also know from field research that renting a one person dormitory room in Jakarta, without water or sanitation facilities, costs IDR 500,000 per month.
We acknowledge the long-standing debates on how to define urban poverty (cf. Mitlin & Satterthwaite ) , and the challenges in the accuracy of such assessments across the various methods used as respondents often underreport on income or expenditures for a variety of reasons.
We believe our results to be robust in capturing the percentage of household water expenditures spent on refill water, and in capturing the differences in relative cost and volume of consumption of refill water between income groups, despite the methodological limitations of our own assessment based on self-reporting of income sources.
While the assessment of absolute affordability of safe water sources may be affected by higher than reported incomes in the study area, the role of refill water in these calculations is not affected. The implications of our results for equitable access remains valid, as any increases in average income due to under-reporting do not affect that assessment of differences in relative cost and consumption between income groups.
Data analysis
A variable for total household income was created through the addition of the incomes of all the members of one household and one-time monthly incomes. The variable 'total household income' was then log-transformed to follow a normal distribution, which was used as a basis for all correlational analyses. A quintile analysis was performed by dividing all households into five equal-sized income quintiles, ranging from the lowest (Q1) to the highest socioeconomic group (Q5) in this sample, each holding n ¼ 16 cases. With n ¼ 80 our sample fulfils the minimum standards of what is needed for valid statistical analysis given temporary and financial constraints. Quintile analysis was chosen (rather than other n-tiles) to prioritize a higher level of precision (i.e. little loss of information) at the expense of larger samples per quintile. We acknowledge that this leads to relatively large standard deviations (see Table 1 ). Nevertheless, we present our data in quintiles to give the reader the possibility to compare refill water consumption patterns in lower and higher-income brackets. 
RESULTS

Affordability
In this study, the average household had a monthly income of IDR 3.9 million ($293), which translates to just above $2.50 per person per day (see Table 1 ). Thereby, these households -on average -fall below the IDR 4.4 million/ month poverty line identified by BAPPENAS officials, while the lowest-income quintile Q1 even falls below the BPS's already low cut-off. This supports the general classification of this sample as low-income and middle-low income, with some households affected by extreme financial deprivations. When asked about their perceptions of the price of refill water as a drinking water source, a large majority of customers considers it to be cheap (1), based on a scale ranging from 1 ('cheap') to 5 ('expensive'). Although groundwater is perceived as the least expensive drinking water source, it is in fact rarely used for drinking, and involves additional water treatment expenses (cf. Nastiti et al. ). Refill water is identified as the second cheapest water source, after groundwater, and is seen as significantly cheaper than piped water (see Table 2 ) despite the much higher per-unit price. In fact, more than two-thirds of respondents consider refill water to be cheap and all but one respondent rank the price level of refill water between 1 and 3 out of 5. At the same time, consumer perceptions of the quality of water options does not vary as much and stays between 3 ('average') and 4 ('good') for most water sources. These results challenge a simplistic price-per-unit definition of what can be considered affordable drinking water for an urban lowincome household. We expand on this observation below.
Equity: affordability across quintiles
All households in this study were sampled from settlements with concentrations of low-income households, hence our calculation of the average income at just below or above the poverty line. However, there are differences in monthly income among the surveyed households, ranging from IDR 400,000 ($30) to IDR 10,700,000 ($800). This variation allows for an exploration of the differences in refill water access between low-income and middle-low income households through a quintile analysis.
This analysis suggests that higher-income households consume more refill water than poorer ones: there is a This confirms the assumptions found in development reports on urban water supply and we return to this point in the discussion. suggests that all forms of drinking water treatment now practised are inequitable: lower income households would pay proportionally more for drinking water than would higher income households. We also suggest that like for monitoring of affordability, assessments of equitable access should look across the range of water sources that households have access to. When standing alone from domestic water consumption, almost all refill water consumers spend less than 5% of monthly income on drinking water. However, in another household survey in areas of Jakarta similar to the ones surveyed in this study, we found that total household expenses for water (drinking plus domestic) made up more than 5% of household income of the poorest households (Kooy et al. ) . In that survey, we also found that when comparing the numbers for overall water expenditure with drinking water expenditure for refill water, drinking water costs make up a much larger share of total water expenditures for Q1 than for Q5. This suggests that there is a need for development interventions specifically targeting the provision of drinking water and/or inclusive water treatment.
CONCLUSION
Currently, refill water reaches more than 3 million people daily in Jakarta alone: branded bottled water and refill water combined reach more than 7 million people. The continued growth and the scale of the sector suggests that this is unlikely to be a temporary phenomenon that phases out, presuming the eventual expansion of the piped network.
Similar assumptions have been made with regard to groundwater use: groundwater abstraction in Jakarta was assumed to decrease and eventually come to a halt with the increase of piped water connections. However, today, groundwater use is widespread even where the piped network reaches, and evidence suggests that piped water and groundwater are used in conjunction rather than exclusively (Kooy et al. ) .
Accepting bottled drinking water as a permanent feature of Jakarta's water supply, rather than a temporary phenomenon, would help to focus attention on aspects of the sector that need further scrutiny. Water quality, plastic waste management, and sustainability of raw water sources in periurban source locations are three key problems which have been raised in reference to both Jakarta's water, and more generally for the sector globally (Stoler ; Roekmi ).
Seeing bottled water as an integral aspect of urban water supply is also supported by the recent re-classification of water sources under SDG Target 6.1, 'The JMP recognizes that bottled water … can potentially deliver safe water …
[and] will treat them as improved and classify them as 'limited', 'basic' or 'safely managed'' (WHO : p. 13) according to their accessibility, availability and quality.
This confirms the need to attend to the role of bottled water in providing access to improved water supply, while our research highlights the need to assess criteria such as affordability and equity across the multiple water sources (drinking and domestic) used by urban households in cities like Jakarta.
Recognition of the role of bottled water currently plays in providing access to improved water sources for low income urban populations is particularly urgent in the context of Indonesia, but also, we suggest, for other urban contexts where the majority of 'improved' sources under the MDGs are not potable. Several studies show that the importance of packaged water extends beyond Jakarta, playing an increasingly important role in urban water access in cities across Thailand (Hadipuro ), the Philippines (Francisco ), and West Africa (Stoler ) . This is a strong indication that future approaches targeting the provision of inclusive access to both domestic-use water and drinking water in cities in low-and middle-income countries need to take packaged water into account in both the strategies designed to increase access, and the measurements of how affordable or equitable access really is.
